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Editor's Preface 

This is the first issue of the 100th volume of the Journal of the Royal Society of Western Australia, 
and so represents a significant milestone. It is also the last issue with which the present editor will 
be involved. 

The Journal has, throughout its history, attempted to be 'relevant': this issue contains several 
papers that might be described as having an 'applied biology' theme, documenting human impacts 
on the Western Australian environment. 

The islands off the Western Australian coast have, for over a century, been an important 'natural 
laboratory' for Perth scientists, and discoveries made in these locations have sometimes have had 
wide relevance elsewhere. The first paper in this issue discusses attempts to restore the vegetation 
on Penguin Island, south of Perth, a popular locality for recreation, as well as an important 
conservation site, albeit one that had been affected by anthropogenic pressures. 

The second article offers an investigation of an organism (the brown lace lerp) that has recently 
become established in the state; with appreciable climatic change within the next few decades a 
distinct possibility, the spread of this insect may have important conservation and economic 
consequences. 

The paper on the development of a species of Typhonium, a rare plant from the east Kimberley, 
also speculates on the possible effects of climatic change on the localised small populations of this 
interesting species. 

The final paper in the issue emphasises the importance of understanding the population 
dynamics of invasive plant species: this is fundamental to being able to appropriately predict and 
manage plant invasions. The example here is the North American species Solidago canadensis; its 
spread in an area in Europe is considered, and some Australian comparisons are offered. 

I thank the Editorial Board for their support, along with all those who have refereed papers over 
the last three-and-a-half years. I am also particularly grateful to the Assistant Editor, Dr Desiree 
Moon. 

Patrick Armstrong 

Editor-in-Chief 
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ABSTRACT 

Penguin Island's vegetation in southwestern Australia has been degraded by anthropogenic 
activities and breeding silver gulls (Chroicocephalus novaehollandiae). However, native vegetation 
cover is important for breeding seabirds such as bridled terns (Onychoprion anaethetus). This pilot 
project aimed to restore native vegetation cover around artificial nest tubes for bridled terns using 
tubestock of berry salt bush (Rhagodia baccata) and bower spinach (Tetragonia implexicoma), and to 
re-introduce the Australian hollyhock (Malva preissiana), an ornithocoprophilic coastal plant that 
disappeared from Penguin Island in the 1970s due to competition with introduced Malva spp. and 
other nitrophilous weeds (Rippey et al. 2002). A total of 80 R. baccata or T. implexicoma seedlings and 
980 M. preissiana seeds were planted, but less than 4% of the tubestock survived and less than 1% of 
the M. preissiana seeds germinated. Disturbance by breeding silver gulls was identified as a major 
issue, therefore seedling protection from these birds is now being used for ongoing restoration 
projects. 

KEYWORDS: Weed, gulls, Australian hollyhock, seabird, vegetation, coastal, island, colony. 
Penguin Island, Australia 

INTRODUCTION 

The vegetation on Penguin Island, a small (12.5 ha) 
coastal island in Western Australia 40 km south of 
Perth (32°305’S, 115°690’E), has been shaped by its 
geology and the predominant climatic conditions in 
the region. Penguin Island is an A-class reserve located 
in the Shoalwater Islands Marine Park and lies on the 
Garden Island ridge which is an aeolian dune of Tamala 
limestone (Haig, 2002). It has a Mediterranean climate 
and is subjected to a coastal sea breeze which carries salt 
spray (DCALM, 1992). Therefore, the native vegetation 
is adapted to growing in these conditions and displays 
sclerophyllous and xeromorphic characteristics (DCALM, 
1992). 

Numerous seabird colonies such as the little penguin 
(Eudyptula minor), Caspian terns (Hydroprogne caspia), 
crested terns (Thalasseus bergii) and bridled terns 
(Onychoprion anaethetus) rely on Penguin Island's 
native vegetation cover to nest (DEC and MPRA, 2007). 
However, anthropogenic activities have degraded the 
island's vegetation, especially through the construction 
of shacks until 1987 when the Department of Parks 
and Wildlife bought the island's lease and undertook 
restoration work (Brown et al., 2015a). Furthermore, in 
the 1960s silver gulls (Chroicocephalus novaehollandiae) 
started breeding on Penguin Island during the winter 
months and contributed to the degradation of its native 
vegetation through trampling, picking material for nest¬ 
building, dispersing seeds from weeds and depositing 
significant amounts of guano that alters soil composition 
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(Hogg & Morton, 1983; Brown et al., 2015a; Otero et 
al., 2015). Hence, disturbance from human activities 
and gulls, as well as pelicans and cormorants to some 
extent, has contributed to the continued degradation 
of the island's vegetation so that in winter, weeds grow 
and compete with the native vegetation, and in summer 
bare soil remains where the weeds grew (Brown et al., 
2015a). The overall decline in native vegetation cover 
has led to the loss of nesting habitats for seabirds. It is 
probable that these disturbances also contributed to the 
disappearance of the native Australian hollyhock (Malva 
preissiana) on Penguin Island in the 1970s (Brown et al., 
2015b). 

The aims of this study were: 

• to determine if native vegetation cover could be 
re-established around bridled tern nesting boxes 
by planting tubestock of berry salt bush (Rhagodia 
baccata) and bower spinach (Tetragonia implexicoma), 
and 

• to determine if the Australian hollyhock could be 
grown from seeds around bridled tern nesting 
boxes. 

METHODS 

STUDY SITE 

The study site was located on the north-east end of 
Penguin Island which has been a known breeding area 
for bridled terns for the past 60 years (Dunlop & Jenkins, 
1994). A large portion of the vegetated area has been lost 
to weeds, such as weedy annual grasses including Lolium 
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spp., Bromus spp. and Brassicaceae (Bettink et al., 2009; 
Brown et al., 2015a). The area had also previously been 
flagged as a hotspot for tree mallow (Malva dendromorpha) 
which is a weed of main concern growing on Penguin 
Island (Bettink et al., 2009). The remaining native bushes 
include R. baccata and T. implexicoma and are used by 
bridled terns for cover for nesting in summer. 

In an effort to recover nesting grounds for bridled 
terns, 50 artificial nest tubes were installed in spring 2015 
on weeded patches in the study area. The nests tubes 
were built out of a storm drain PVC pipe (diameter 30 
cm) that was cut length-wise to obtain two dome-shaped 
half pipes and sectioned in 50 cm long pieces. They were 
then painted with limestone-coloured paint to give them 
a more natural appearance. The nest tubes were laid 
about 4 m apart on bare ground as bridled terns usually 
nest 1-5 m apart from each other (del Hoyo et al., 1996). 

Restoration techniques 

Seeds from R. baccata growing on Penguin Island and 
cuttings from T. implexicoma were collected and grown in 
pots offsite. The resulting tubestock of R. baccata and T. 
implexicoma were planted around 40 artificial nest tubes 
in June 2014. Before planting, weeds that were growing 
within a 1.5 m radius of the nest tubes were removed. 
Two seedlings of either R. baccata or T. implexicoma were 
planted on either side of the nest tube. 

Additionally, M. preissiana fruits were collected early 
in 2014 from plants cultivated in Perth that had been 
grown from seeds that originated from Shag Rock in the 
Shoalwater Islands Marine Park (650 m North of Penguin 
Island). The seeds were isolated using sieves and filtered 
through Selecta aspirator/gravity separator zig-zag ZZ1 
- Machinefabriek B.V. The fruit cases were removed 
to separate the seeds and for half of the seeds, a small 
portion of the upper seed coat was removed ("nicked" 

seeds) to determine if this would enhance germination. 
The germination rate for both the "nicked" and "not 
nicked" seeds was determined to be 100% using standard 
testing procedures on agar plates (Carlson et al., 1982). 

The seeds were sown around ten bridled terns' 
artificial nest tubes in June 2014. The areas around the 
nest boxes were weeded before using a seeding board to 
plant the seeds. The boards were placed on both sides of 
the nest tubes (0.5 m in length) to plant an equal number 
of "nicked" and "not nicked" seeds (Figure 1). The seeds 
were sown at a depth of about 2 mm. 

The germination and survival of M. preissiana 
seedlings was determined by visiting the sites every four 
weeks and the plots were also weeded during those visits. 

RESULTS 

A total of 80 R. baccata or T. implexicoma seedlings were 
planted around the bridled tern nest tubes. All except 
for three plants were removed by breeding silver gulls 
within a day. The remaining three plants (all R. baccata) 
were still growing in June 2016, two years after planting. 
Therefore, less than 4% of the planted tubestock survived. 

A total of 980 M. preissiana seeds were planted around 
ten artificial nest tubes. Germination was recorded in 
July 2014 (one month after planting) and a total of eight 
plants grew around seven of the nest boxes. Therefore, 
less than 1% of the seeds that were sown had developed 
by the time of the visit. Seven of the seeds that grew were 
"not nicked". By November 2014, one of the M. preissiana 
plants was flowering. A year after planting, only five 
plants survived and in July 2015 those five plants were 
flowering and producing fruits. In particular, one plant 
reached 1.5 m in height and nearly 2 m in diameter. All 
plants died in summer 2015/2016. 

Figure 1. Planting board (0.5 
x 0.5 m) for Malva preissiana 
seeds for germination 
around bridled tern artificial 
nest tubes on Penguin Island 
in June 2014. The "nicked" 
slots were for seeds with a 
small part of the seed coat 
removed. 
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DISCUSSION 

Breeding gulls (Laridae) are known to be major 

disturbances to the vegetation where they nest (Hogg & 

Morton, 1983; Otero et al., 2015). While our trial showed 

that planted tubestock was removed by breeding gulls, 

it also showed that M. preissiana grown from seeds were 

not affected. Therefore, it is important to protect planted 

tubestock, and ongoing revegetation trials on Penguin 

Island are showing successful growth of seedlings when 

protected with cages (see Brown et al., 2015a). 

While the field germination rate of M. preissiana 
seeds was very low (less than 1% compared with 100% 

germination rate in the laboratory test), the plants that 

grew and survived for nearly two years produced 

abundant fruits. Furthermore, nicking of the seeds 

was unnecessary for enhancing germination rate. The 

sites where those plants grew are being monitored to 

detect any sign of germination from the dropped fruits. 

However, in spring 2015 many of the flowers and fruits 

were eaten by insects, so it is unknown whether the seeds 

from the plants that dropped on the soil were viable or 

not. 

It is interesting to note that the nest tubes around 

which the R. baccata plants grew, and four of the nest 

tubes around which M. preissiana grew, were taken 

up by bridled terns during their breeding season in 

summer (out of the ten artificial nest tubes that were 

occupied during the summer). Therefore, a total of 70% 

if the shaded nest tubes were taken up by bridled terns 

compared with 7.5% of the unshaded nest tubes. The 

natural shade cover provided by the growing plant 

was a likely factor in drawing the breeding pairs to 

the restoration site. It is believed that the guano that 

falls on either side of the nest tube when bridled terns 

roost on top of them will help M. preissiana plants grow. 

Indeed, bridled terns are true seabirds and feed almost 

exclusively on fish, squid and Crustacea during their 

breeding season (Dunlop & Jenkins, 1994). Therefore, 

since M. preissiana has a life cycle that is reliant on guano 

deposit (Rippey et al., 2002), it is believed that the birds' 

droppings are beneficial to the plants. 

Overall, while native vegetation can be re-established 

around bridled tern nest tubes on Penguin Island, it 

is necessary to protect young plants. Therefore, the 

restoration of native vegetation on coastal islands in 

Western Australia would be possible provided that weeds 

are removed and tubestock of native plants are protected 

from breeding silver gulls. 
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ABSTRACT 

In Australia the genus Cardiaspina contains 24 known species, most of which are found in eastern 

Australia. Of these, 10 species are known to cause serious defoliation of their host eucalypts. In 

Western Australia there are three endemic species, of which only one, C. jerramungae Taylor, has 

been known to reach outbreak levels. However, in 2001 C. fiscella Taylor was found in a Eucalyptus 
robusta Sm plantation near Albany WA. Previously unknown in WA, this species was initially 

recognised as a generic incursion; however, it is now well distributed on known eastern state 

eucalypt hosts throughout south-west Western Australia. Although no recognised hosts grow 

naturally in Western Australia, karri is closely related to known hosts and therefore a potential host 

for this species. 

KEYWORDS: Introduced species, outbreak, karri. Eucalyptus diversicolor, forest pests, climate 
change 

INTRODUCTION 

Cardiaspina fiscella Taylor, commonly known as the 

brown lace lerp, is known to outbreak on eucalypts in 

NSW, Queensland and Victoria (Collet 2001). The genus 

Cardiaspina refers to a group of Hemipteran insects in 

the family Psyllidae. They are sapsuckers and build 

protective tests, called lerps under which the nymphs 

live on their host leaf. The nymphs and adults vaguely 

resemble aphids or small cicadas. Adults are winged and 

can disperse easily on the wind and in the jet stream. 

This genus contains many species known to outbreak on 

eucalypts throughout Australia. There are 24 Australian 

species (Morgan 1984, Hollis 2004). Ten species are 

known to outbreak and cause severe defoliation on 

eucalypts and, of these, four are known to cause severe, 

prolonged defoliation due to population outbreak (Table 

!)• 

The genus predominates in eastern Australia and was 

introduced to New Zealand (C. fiscella) in 1996 where 

it spread rapidly on E. botryoides Sm and E. saligna Sm 

(Withers & Bain 2000, Withers 2001). In Western Australia 

there are three endemic species (Table 1). However, 

only C. jerramungae Taylor is known to cause severe 

defoliation. This species was first found in 1982 in a 

population outbreak on E. occidentalis Endl. (flat-topped 

yate) in the lower great southern (Farr 1992, Taylor 1992). 

C. FISCELLA IN WESTERN AUSTRALIA 

In Western Australia C. fiscella was first observed in 

a Eucalyptus robusta Sm plantation on Hanrahan Rd 

Albany WA in October 2001. Samples were sent to 

Australian National Insect Collection, CSIRO Canberra 

where they were positively confirmed as C. fiscella on 

6 Nov 2001 by Mary Carver. Subsequently, the major 

© Royal Society of Western Australia 2017 

insect collections at the Department of Parks and 

Wildlife WA (then Department of Conservation and 

hand Management), WA Department of Agriculture 

and Food, and the Western Australian Museum were 

contacted and all confirmed no records of C. fiscella. 
Consequently it was concluded that there was an 

incursion of C. fiscella in WA. However, subsequent to 

the initial discovery, further populations were found 

in Yarloop on E. botryoides (an amenity tree in a park at 

the south end of the old Yarloop workshops) on 7 Nov 

2001, on amenity trees (E. botryoides) at the University of 

Western Australia research station at Floreat on 11 Nov 

2001 where all populations were at high levels, and later 

in the koala enclosure at the Perth Zoo on April 19 2003 

(J. Farr, personal observation). The psyllid was also later 

observed on E. botryoides in the memorial avenues of 

Kings Park and a plant nursery in Nannup in 2010 (Allan 

Wills Senior Technical Officer, Department of Parks 

and Wildlife WA); and in May 2015 by Mark Brundrett 

(Senior Ecologist, Department of Parks and Wildlife 

WA) in amenity plantings at the Department of Parks 

and Wildlife Perth Crawley on E. robusta Sm (Figure 

1). In 2001 the then Forest Health Advisory Committee 

(FHAC) therefore concluded that although a generic 

incursion had occurred the species was now wide spread 

throughout southern WA and so the current Generic 

Incursion Management Plan (Gadgil 2000) for species 

eradication was not implemented. 

BIOLOGY AND CONSERVATION ISSUES 

There are usually three to five generations a year 

within the genus Cardiaspina, determined by ambient 

temperature. In south-west WA C. jerramungae has three 

generations per year, one in winter (May-Nov) and two 

in summer/autumn (Dec-Feb, Feb-May). However, exact 

timing can vary depending on the season (Farr 1992). It is 

likely that generation timing for C. fiscella will be similar. 

Nymphs of the species C. fiscella usually live on the 

4 



J D Farr: Cardiaspina scella in Western Australia 

Table 1. Cardiaspina species in Australia. 

Species Authority Distribution 

Status 

Outbreak 

occurred 

State outbreak 

alba (Frogg 1923) NSW 

albicollaris Taylor 1962 NSW, SA 

albitextura Taylor 1962 NSW, SA, Vic ** SA, Vic 

artifex (Schwarz 1898) SA >6 Qld 

bilob at a Taylor 1989 NSW, Vic >6 Vic (new in 1984) 

brunnea (Frogg 1923) NSW 

cues tutu Taylor 1992 Tas 

cerea (Signoret 1879) Qld 

corbula Taylor 1962 NSW, Qld, Vic 

densitexta Taylor 1962r SA ** SA, Vic 

fiscella Taylor 1962 NSW, Vic, WA ** NSW, Qld, NZ, Vic 

jerramungae Taylor 1992 WA ** WA (new in 1982) 

maniformis Taylor 1962 NSW >6 NSW, Qld 

pinnaeformis (Frogg 1900) NSW, Vic 

ret at or Taylor 1962 NSW, SA, Vic >6 Vic, SA 

spinifera (Frogg 1923) NSW 

spinosula (Signoret 1879) Qld 

squamida Taylor 1962 NSW * Tas 

tenuitela Taylor 1962 NSW * NSW 

tetragonae Taylor 1989 NT, WA 

tetrodontae Taylor 1989 NT, Qld, WA 

textrix (Frogg 1901) NSW, Vic 

virgulipelta Taylor 1962 NSW, Qld 

vittaformis (Frogg 1923) NSW 

(*= outbreak recorded, **= known for prolonged outbreaks) 

Australian Capital Territory is included in NSW. 

From Collet (2001), Hollis (2004) and Morgan (1984) supplemented by recent knowledge. 

underside of leaves, where their stylets penetrate leaves 

through stomates. Another psyllid, C. maniformis Taylor 

is often found on the upper leaf surface in association 

with C. fiscella (Campbell 1992) since nymphs of this 

psyllid are capable of piercing the leaf cuticle. To date, C. 

maniformis has not been found in WA. 

C. fiscella is known to outbreak on all its hosts in 

NSW and Victoria (Campbell 1992). Host range for 

individual psyllid species within Cardiaspina is usually 

restricted to two to three closely related eucalypts. But 

the hosts of C. fiscella in eastern Australia extend to 

six eucalypts: E. grandis W. Hill ex Maiden, E. saligna, 
E. robusta, E. tereticornis Sm, E. blakleyi Maiden and E. 
botryoides (Taylor 1962, Hollis 2004). E. saligtta and E. 
grandis are in Transversaria section of Eucalyptus and all 

are closely related (Boland et al 2006). Karri (E. diversicolor 
F. Muell), endemic to WA and occurring in the high 

rainfall zone of the south-west, is also related to this 

group, although it exists alone in the series Inclusae. In 

general psyllids are known to have narrow host ranges, 

restricted within taxonomically closely related species 

(Hodkinson 1970, Hollis 2004, Burckhardt 2014). Within 

this restriction, however, at high populations another 

psyllid known for prolonged outbreaks (C. densitexta) 

has been reported on Eucalyptus species other than its 

two recognised hosts and is capable of developing from 

eggs to adults on some species (including species exotic 

to the natural distribution of this psyllid) (White 1970). 

Thus psyllids, particularly in the genus Cardiaspina, 
have the potential to expand their host range. A practical 

test of the potential of C. fiscella to be a problem for E. 

diversicolor is provided by the range of exotic eucalypt 

species in Waikumete Cemetery in Auckland, New 

Zealand. There, both E. botryoides and E. robusta were 

reported as suffering infestations of the introduced C. 

fiscella, but not E. diversicolor which is also planted within 

the cemetery grounds (Wilcox 1998). However, E. saligna 
and E. tereticornis are also within the same plantings and, 

although also hosts for C. fiscella, were not reported as 

being defoliated by this psyllid. 

Over the past 30 years mean annual rainfall in the 

south-west of WA has decreased (Yu & Neil 1993). 

Although there is debate on whether global warming is 

the primary cause (Smith et al. 2000, Li et al. 2004), this 

region is becoming progressively drier. Karri occurs on 

deep loam soils in the 900-1300 mm rainfall region in 

south-west WA (Boland et al 2006). Although generally 

recognised as not drought susceptible, its historic 

distribution has been shown to be influenced by changes 

in rainfall (Churchill 1968). 

Eucalypts, in common with other tree species respond 

to changes in water availability by adjusting leaf area 

(e.g. Matusick et al. 2013, Matusick et al. 2016). Stands of 

regenerating karri will naturally self-thin (Rayner 1992) 

and modern karri silviculture is aimed at utilizing timber 

resources in regenerating stands that would otherwise 

succumb to mortality or suffer insect attack in the self¬ 

thinning process (Conservation Commission of Western 

Australia 2013, Forest Products Commission 2016). The 

incidence of the cerambycid borer, commonly called 

bulls-eye borer (Phoracantha acanthocera (Macleay)), one of 

the few currently known insect pests in karri, increases in 
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Figure 1. (a) C. fiscella lerps; (b) C. fiscella nymph and lerp (scale on right indicates millimetres). Photographs by Mark 

Brundrett. 
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dry sites (Farr et al. 2000), and is a threat to timber quality 

in un-thinned stands (Maher et al. 2010). 

As a compensation for reduced leaf area, eucalypts 

increase leaf thickness and nitrogen per unit leaf area to 

increase photosynthetic activity (Farquhar et al. 2002). 

At a continental scale and using multiple Eucalypt 

species including the local Western Australian species 

Jarrah, Marri and Wandoo, Schulze et al. (2006) found 

that leaf nitrogen increased as rainfall declined. A 

widely held hypothesis on insect outbreaks implies 

water deficit through low rainfall can influence a 

plant's physiology, such that nitrogen availability to the 

insect herbivore increases and plant defence chemicals 

decrease, thus promoting insect survival and population 

growth (White 1984, Farr 1985, Mattson & Haak 1987). 

Although there is conflicting evidence for the plant 

stress hypothesis, an adaption of this concept, the pulsed 

stress hypthothesis (Fluberty & Denno 2004, Mody et 
al. 2009), which involves intermittent stress on host 

plants, may more fully explain the response of phloem 

feeders such as psyllids which are reliant on plant turgor. 

Recent population outbreaks of the herbivore gum-leaf 

skeletonizer (Uraba lugens Walker on jarrah (£. marginata) 
are supportive evidence of plant stress promoting insect 

outbreaks in the region where Karri occurs (Wills & Farr 

2016), 

Climate models predict that between 0.1 - 6% of the 

karri estate could occur in rainfall areas below 900 mm 

in the next 30 years (Maher et al. 2010). Furthermore, 

potential consequences of increased levels of C02 

could include the increased incidence of outbreaks of 

herbivorous insects (Coley 1998, Logan et al. 2003, 

Allen et al. 2010, Gherlenda et al. 2016). Therefore karri 

within these areas could be susceptible to C. fiscella, or 

other emergent endemic pest outbreaks, should species 

colonise karri as a result of drought and physiological 

changes in the tree's defence mechanisms. 

CONTROL 

Cardiaspina spp. generally outbreak in natural vegetation, 

thus control is often not applied. For plantations, control 

is usually implemented on a management basis, since 

in their natural distribution reinvasion will occur from 

outside the target area. Ideally, since this insect is a 

sapsucker and the nymphs live under a protective test, 

a systemic insecticide may be appropriate. However 

past experience has shown that impromptu application 

of insecticide for controlling outbreaks associated with 

this genus in natural environments can exacerbate 

rather than solve the problem unless extensive measures 

are taken to control populations on all nearby hosts 

and repeated applications are synchronised with the 

species' generation times and life cycle (Farr, personal 

observations 1992). Further information on insecticidal 

control can be found in Morgan (1984), Stone (1993), 

Neuman and Collett (1997) and Collett (2001). In NZ the 

parasitoid Psyllaephagus gemitus was investigated as a 

possible biological control for C. fiscella (Withers & Bain 

2000) but was later found in field populations suggesting 

it was introduced with its host. In WA Psyllaephagus sp. 

has been isolated from C. jerramungae populations (Farr 

1992), but the species has not been identified further and 

this parasitoid achieves little control in natural outbreak 

populations of C. jerramungae. Limited population control 

of psyllids by natural enemies has also been reported by 

Hall et al. (2015). 

CONCLUSION 

The brown lace lerp C. fiscella, a psyllid formerly 

only known in eastern Australia, is now established 

in Western Australia, currently on eucalypt species 

exotic to this state. This species has a history of causing 

serious defoliation of its host eucalypts during high 

population densities, both in its natural environment 

and environments where it has been introduced. The 

parasitoid P. gemitus is not known to control this psyllid 

but is known to have been introduced concomitant with 

the psyllid into NZ. Wasps of the genus Psyllaephagus 
are known to be associated WA endemic populations of 

C. jerramungae, therefore P. gemitus is likely to already 

be present in Western Australia but this has not been 

investigated. Furthermore, given the potential scenarios 

for climate change in the south-west of WA, karri is a 

potential host for this psyllid. 
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Western Australia 

A N START1 

1 Western Australian Herbarium, Locked Bag 104, Bentley Delivery Centre, WA 6983 

E3 tonys@um.com.au 

ABSTRACT 

Typhonium sp. Kununurra is an undescribed, perennial, cormous herb belonging to the Family 

Araceae. It produces leaves and flowers only during the northern Australian wet season. Its 

known distribution is restricted to grey vertisols ('black soils') on the ancestral flood plain of 

the lower Ord River in the east Kimberley, Western Australia and adjacent areas of the Northern 
Territory, northern Australia. It is Declared Rare Flora under Western Australian legislation (but 

its conservation status has not yet been assessed in the NT). Although several subpopulations 

are known, few are on land with conservation-secure tenure and no previous studies have 

distinguished immature from mature plants. This study had two objectives; to locate additional 

subpopulations on conservation-secure land and to identify development stages in the life history 

of the species so that immature plants can be identified and excluded from future population-size 

estimates. Because IUCN Red List guidelines for the estimation of population sizes require that only 

reproductively mature individuals are included (IUCN 2001, 2014), it is critically important that 

future subpopulation surveys for this species distinguish immature from mature plants and take 

into account possible hydrological/climatic conditions that might affect survey results. 

Following exceptionally dry, hot conditions, many known subpopulations were still dormant at 

the time of the study (early March 2013) and, perhaps because of that, no new subpopulations 

were located. However, there had been sufficient, localised rainfall for some, isolated emergence. 

Three developmental stages are described, newly germinated seedlings, immature plants and 

reproductively mature plants, all of which were recognisable in the field. The overwhelming 

proportion of all subpopulations observed in this study consisted of immature plants and the 

proportion of immature to mature plants suggests a high mortality rate during the 3+ years plants 

can take to mature; however, an alternative explanation involving sustained dormancy of mature 

corms in 'dry' years is canvassed. 

KEYWORDS: Development, Typhonium, demographic structure, conservation status, 
distribution 

INTRODUCTION 

Typhonium Schott is an old world genus of small, 

perennial herbs in the family Araceae. Many species 

occur in northern Australia where they grow in a variety 

of soil types but often have very restricted distributions 

(Hay 2011). That, coupled with often-unobtrusive 

foliage, flowers and fruits, all of which are present only 

in the wet season (when travel in northern Australia is 

difficult) has resulted in the genus being poorly known; 

of the 17 native Australian species recognised by Hay 

(2011), eleven (65%) had been described in the past ~20 

years and several more undescribed species are known, 

including an undescribed species with the Western 

Australian Herbarium (PERTH) phrase name Typhonium 
sp. Kununurra (A.N. Start ANS 1467). 

Typhonium sp. Kununurra was discovered in December 

2001 approximately 5 km northwest of Kununurra airport 

(-15.78°, 128.70°) in Western Australia (WA). It has since 

been found at several more locations in WA and in the 

Northern Territory (NT). However, all known locations 

are on the Ord River's ancestral floodplain downstream 

of Carlton Gorge. Despite searches, there are no records 

© Royal Society of Western Australia 2017 

from the river's modern floodplain below Tarara Bar 

(Kirby 2015). Tarara Bar is located at the point at which 

the lower Ord's current course deviates from an ancestral 

one (George et al. 2011) (Figure 1). In WA, the species is 

gazetted 'Flora that is considered likely to become extinct 

or is rare' under the State's Wildlife Conservation Act 1950 
(Western Australian Government Gazette 2015) and listed 

as 'Endangered' under IUCN criteria (IUCN 2001). Its 

status has not yet been assessed in the NT (Ian Cowie, NT 

Herbarium, Palmerston, personal communication). 

Like other Australian Typhonium species, T. sp. 

Kununurra is a cormous perennial herb. But, unlike 

many other Australian species, all known subpopulations 

(the terms 'subpopulation' and 'population' follow 

definitions in IUCN 2001) of T. sp. Kununurra occur 

on grey vertisols ('black soils'). Through the dry season 

(usually about April to November) it persists as a 

dormant, subterranean corm. Leaves emerge after -200 

mm of rain have saturated the soil early in the wet 

season, usually in December or January (John Kirby, 

personal communication). Thereafter, leaves and, later, 

reproductive organs may be present for as long as soil 

moisture conditions allow. However, it seems not all 

mature plants emerge or flower every year (see below). 

When gilgais are flooded, leaves usually emerge from 

areas raised above the water surface but corms may be 
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Figure 1. Map of the Study area showing sites at which searches were made for Typhonium sp. Kununurra. + = previously 

un-surveyed sites where the species was not located in this study (two sites in this category south of lake Argyle and one 

site at the mouth of the Keep River to the north-east are beyond the limits of this map. Co-ordinates of these sites are 

given in table 1). O = sites at which the species has been previously recorded but was not seen during this (2013) study 

C> = sites at which the species was located during this (2013) study 
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situated below the inundation level and then the plants 

may appear to be emergent aquatics. 

It is common in suitable habitat but, because much 

of its known range is within the proposed Ord Stage 

2 irrigation area, where it inhabits soils favoured for 

irrigated agriculture (Western Australian Department 

of State Development 2016), on private property, on 

pastoral lease or on road reserves, its conservation status 

is tenuous; a number of surveys have attempted to 

locate subpopulations on land with conservation-secure 

tenures but none of the results have been published. 

Other, unpublished studies have attempted to estimate 

numbers in several subpopulations. Summaries of these 

unpublished studies are contained in submissions to 

the Western Australian Threatened Species Scientific 

Committee (WATSSC), the most recent being that of Kirby 

(2015). However, none of the reports or submissions 

is in the public domain and none of the surveys have 

taken account of the demographic structure of the 

surveyed subpopulations. The latter factor is important 

because the WATSSC uses IUCN criteria to assess the 

conservation status of taxa nominated for addition to, or 

deletion from, gazetted lists of threatened species under 

Western Australian legislation. Those criteria require 

that population size estimates are determined only by 

the number of (reproductively) mature individuals in a 

population (IUCN 2001, 2014). 

The original objective of this study was to locate 

additional subpopulations, particularly on lands with 

conservation-secure tenure. However, the study was 

undertaken in an abnormally dry year, as a consequence 

of which, the species appeared to be absent (but may 

have remained dormant) at sites where it had been 

observed in previous years, indicating a significant 

probability that new subpopulations could have been 

missed. Although we searched new areas, as originally 

intended, we adjusted the objective to include an 

assessment of developmental stages of the species 

where there had been emergence because the ability 

to distinguish mature from immature plants, is critical 

to the assessment of a species' conservation status by 

IUCN guidelines (IUCN 2001), a factor that had been 

overlooked in previous assessments. 

METHODS 

Twenty four sites on black soils were surveyed between 

3 and 6 March 2013. Four were adjacent to or above 

Carlton Gorge (i.e. up-stream of the lower Ord River's 

floodplain and up-stream of all previously known 

occurrences). One was on the catchment of the Dunham 

River, a tributary of the Ord River, the confluence of 

which is on the lower Ord floodplain between Carlton 

Gorge and Tarara Bar, i.e. within the known distribution 

of the species. The remainder were on the Ord River's 

ancestral floodplain (Table 1; Figure 1). Four of the latter 

were previously unsurveyed sites in the conservation 

buffer-zone surrounding proposed Ord Stage 2 irrigation 

Table 1. Locations surveyed for Typhonium sp. Kununurra. In the 'presence' column, 0 = no previous surveys, not found; 

1 = previous records but not found in 2013; 2 = previous records and present in 2013. Some site names are informal, local 

names. No new site records were made in this study. 

Zone Site Name Lat Long Presence 

Upstream of Carlton Gorge South of Lake Argyle 16.7008 128.6906 0 

Upstream of Carlton Gorge Below Bow River diamond mine 16.5817 128.6156 0 

Adjacent to Carlton Gorge Long Michael Plain Billabong 15.9908 128.7561 0 

Adjacent to Carlton Gorge Howard Springs 15.9911 128.7511 0 

Carlton Gorge to Tarara Bar Ivanhoe Station Billabong 15.6758 128.6872 1 

Carlton Gorge to Tarara Bar Kirby Quadrat 1 15.7381 128.6808 2 

Carlton Gorge to Tarara Bar Kirby Quadrat 2 (Pole 80) 15.6589 128.6797 1 

Carlton Gorge to Tarara Bar Weero Road 15.7617 128.6814 2 

Carlton Gorge to Tarara Bar Darram Conservation Park (1) 15.8128 128.7101 1 

Carlton Gorge to Tarara Bar Darram Conservation Park (2) 15.8072 128.7231 1 

Carlton Gorge to Tarara Bar King Lot 710 (1) 15.7456 128.6733 2 

Carlton Gorge to Tarara Bar King Lot 710 (2) 15.7472 128.6733 2 

Carlton Gorge to Tarara Bar Racecourse Road 15.8058 128.7469 2 

Carlton Gorge to Tarara Bar Packsaddle behind Meatworks 15.8172 128.6856 0 

Carlton Gorge to Tarara Bar Reserve 50588 15.7378 128.6792 2 

Dunhan River catchment Middle Creek 15.8601 128.4392 0 

Below Tarara Bar Ord Stage 2, Buffer zone (lower west) 15.5022 128.8014 0 

Below Tarara Bar Ord Stage 2, Buffer zone (upper west) 15.4706 128.8039 0 

Below Tarara Bar Ord Stage 2, Buffer zone (north) 15.4222 128.8381 0 

Below Tarara Bar Ord Stage 2, Buffer zone (north-east) 15.4122 128.9447 0 

Below Tarara Bar Keep river mouth (NT) 15.2772 129.1351 0 

Below Tarara Bar Weaber Plains Rd (south) 15.5294 128.8183 1 

Below Tarara Bar Weaber Plains Rd (middle) 15.2835 128.8794 1 

Below Tarara Bar Weaber Plains Rd (north) 15.4308 128.9536 1 
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extensions and one was close to the mouth of the Keep 

River in the Northern Territory Typhonium sp. Kununurra 

had previously been recorded from eleven of the 24 sites. 

Transport to sites was by quad-bike, 4wd vehicle or 

helicopter but at all sites approximately 1 ha, often taken 

to the edge of the black soil occurrence, was searched on 

foot for one to three hours by two people, (ANS and John 

Kirby), who were both familiar with the species. Because 

T. sp. Kununurra is declared rare flora in WA, we were 

constrained in the extent to which specimens could be 

excavated and/or collected, however several plants were 

excavated, photographed and preserved by pressing or 

immersion in ethyl alcohol. All specimens were collected 

under a Wildlife Conservation Act permit to take 

declared rare flora (ANS Permit No. 128-1213), and have 

been deposited in the Western Australian Herbarium 

(PERTH accession numbers are 84889904, -12, -20, -39, 

-47, -55, -63, 84890015) however, in this account, original 

collector's field numbers are used. They may be tied to 

PERTH accession numbers through Table 2 or Specimen 

listings on FloraBase (available at https://florabase.dpaw. 

wa.gov.au/) [verified 06/02/2016]. 

Time constraints prevented us from determining 

the number of plants in any subpopulations and from 

accurately determining the ratios of immature from 

mature plants. 

RESULTS 

Distribution and habitat 

Typhonium sp. Kununurra was found at only six of the 

11 sites where it had been previously recorded and at no 

new sites (Table 1). At the eleven sites where it had been 

previously recorded, vegetation consisted of low, open to 

very open woodlands of Bauhinia cunninghamii (Benth.) 

Benth. (Fabaceae) over moderate to dense annual and/ 

or perennial tussock grasses (Poaceae), the dead foliage 

of which often formed dense thatches. Other species that 

co-occurred at all sites included Crinum angustifolium R. 

Br. (Amaryllidaceae), Commelina ensifolia R.Br., Cyanotis 
axillaris (L.) Sweet (both Commelinaceae) and Polymeria 
ambigua R. Br. (Convolvulaceae). This vegetation is 

similar to that at all other sites where the species has been 

located (unpublished data) and at most of the other sites 

we surveyed. 

Collections 

Numerous plants were examined in situ and 10 

collections were made (Table 2). Except as noted below, 

all specimens included the corm and all were pressed. 

ANS 2238 and 2245B lacked corms. The former comprised 

one seed and five newly germinated seedlings, which 

were found as a cluster below the head of the peduncle 

from which the seed had been shed; they were preserved 

in alcohol. The latter comprised a single, more advanced 

seedling which was pressed. The only other alcohol- 

preserved specimen was one of four fruiting bodies from 

ANS 2240, the rest of which were left attached to the 

pressed specimen. 

Morphology 

Three developmental stages were observed, newly 

germinated seeds, immature plants and mature plants. 

Newly germinated seeds were detected at two sites but 

both immature and mature plants (i.e. those known to 

be capable of sexual reproduction) occurred at all six 

sites. However, the overwhelming majority of plants in 

every subpopulation we examined were immature. The 

morphological characteristics of the three stages were as 

follows. 

Table 2. Specimens of Typhonium sp. Kununurra collected during the survey and lodged in PERTH. Seedlings were all 

acormous; immature plants had corms <~2 cm diameter and simple elliptic to lanceolate leaves <~10 cm long. Mature 

plants had corms >2 cm diameter and longer, polymorphic leaves. See Table 1 for location details. 

Field 

Collection # 

PERTH 

Accession # 

Age Leaf form Depth to 

Corm 

Location 

ANS 2238 08490015 cluster of 6 seedlings, not developed no corm Reserve 50588 

ANS 2245 B 08489947 seedling, 1 leaf narrow linear no corm Weero Road 

ANS 2242 08489920 small, cormous plant 

3- leaved 

narrow oval to 

narrow obovate 

3 cm Racecourse Road 

ANS 2245 A 08489947 small, cormous plant 

2- leaved 

narrow oval to 

narrow obovate 

4-5 cm Weero Road 

ANS 2249 08489955 small, cormous plant 

3- leaved 

narrow oval to 

narrow obovate 

3-4 cm King Lot 710 

ANS 2249 B 08489955 small, cormous plant, 

3- leaved 

narrow oval to 

narrow obovate 

3-4 cm King Lot 710 

ANS 2239 08489904 Mature plant tri-lobed, narrow lobes ~6 cm Racecourse Road 

ANS 2240 08489912 Mature plant tri-lobed, broad lobes 5-6 cm Racecourse Road 

ANS 2241 08489939 Mature plant Un-lobed, linear, 5-6 cm Racecourse Road 

ANS 2250 08489963 Mature plant Un-lobed, linear 5-6 cm King Lot 710 
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Figure 2. Seeds and newly germinated seedlings. Located as a cluster below the peduncle from which they had been 

shed. 

NEWLY GERMINATED SEED 

Observations are based on the five newly-germinated 

seeds in ANS 2238 and one seedling, ANS 2245B. Those 

in ANS 2238 varied in their degree of development, 

suggesting germination had been somewhat staggered 

(Figure 2). Only ANS 2245B had developed a distinct leaf 

lamina and was presumably a little older than those in 

ANS 2238. 

In each case, the testa was lying on the ground surface. 

An exposed portion of the cotyledon had elongated to 

place the hypocotyl clear of the seed testa. In the more 

mature seedlings, the hypocotyl had been drawn <lcm 

below the ground surface by a contractile root but there 

was no overt sign of a developing corm on any of these 

seedlings (Figure 2). 

IMMATURE PLANTS 

Most immature plants had 1-3(4) small (mostly <10 cm 

long), simple, narrowly elliptic or narrowly ovate to 

lanceolate leaves. Occasional plants had much broader 

laminas. No reproductive structures were observed on 

plants with such leaves. The corms of the four immature 

plants we excavated (Table 2) were compound structures 

~lcm in diameter and situated 3-4(5) cm below the 

ground surface. The uppermost segment, the developing, 

new corm was a conical, white body with leaves arising 

from its apex. New, white, adventitious roots had 

emerged around its base (Figures 3a &3b), some of which 

exhibited transverse ribbing, indicating that they were 

contractile. Below that, there was a light-brown, barrel¬ 

shaped body with redundant (shrivelled, brown) roots. 

Presumably, this was the organ that had developed the 

previous year and supported the initial emergence of 

the new season's growth. It would also have sustained 

the plant through the preceding dry-season's dormancy 

period. Below that, there was usually a darker, shrivelled, 

conical structure, the remnant of an even older corm. 

These were clearly immature plants undergoing (at least) 

their third growth episode. 

MATURE PLANTS 

Besides the presence of reproductive organs, mature 

plants were readily distinguished from immature ones 

by their larger (>10 and < 40+ cm) leaves. The shape of 

the leaf lamina of mature plants exhibited extensive 

polymorphism, although the leaves on any one plant 

were similar. Lamina shapes in mature plants varied 

from narrowly linear to tri-lobed or hastate. Lobes of tri- 

lobed and hastate leaves were commonly narrowly linear 

to narrowly lanceolate. The lateral lobes varied in length 

from being much reduced to sub-equal to approximately 

equal to the central lobe. On occasional plants, leaf 

lobes were very broad, approaching orbicular (the 
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Figure 3b. Enlargement of the corm of the plant in Figure 3a. Note the 

three sections corresponding with corms developed sequentially over 

three growing episodes. 

Figure3a. An immature Typhonium sp. Kununurra plant. Compare the 

lamina shape with those of a mature plant in Figure 4. 

phrase-name 'type' is of this form). The primary lobes 

of all tri-lobed forms commonly but not invariably had 

diminutive to sub-equal, symmetrical or asymmetrical, 

secondary lobes. 

The corms of the reproductively-mature plants that 

we excavated were 5-6 cm below ground level and 2-3(4) 

cm in diameter. As with immature plants, the remains 

of previous year's corms were present below the current 

one. In one case (ANS 2240) the corm was dividing. 

Although the incipient, 'sister corms' were still conjoined, 

each had given rise to separate leaf clusters from apical 

meristems and each unit carried two seed-bearing 

peduncles showing that they were both reproductively 

competent. Moreover, a small (<1 cm) 'daughter corin' 

was developing in an axillary leaf scar on the shoulder of 

one unit. It had, as yet, grown neither its own roots nor 

leaves. 

DISCUSSION 

Climatic effects 

At Kununurra, January, February and early March 2013 

were exceptionally dry. In January, the airport received 

137 mm rain (mean 201 mm) and no rain was recorded 

there in February (mean 215 mm) or early March when 

the study was undertaken. It was also an exceptionally 

hot period; Kununurra airport recorded 25 days with 

temperatures at or above the long-term means of 

35.9°C and 35°C respectively for January and February, 

including five days during the last week of January 

and the first week of February when it exceeded 40°C. 

The highest temperature during that period was 43.1°C 

(Australian Bureau of Meteorology). 

Typically, in January and February, 'black soil plains' 
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Figure 4. A mature plant with 

narrow, lobed, leaf laminas. 

of the east Kimberley are saturated and surface water 

is present in most gilgais but, in early March 2013, we 

found no areas of black soil with free surface water. In the 

vicinity of Kununurra and near the mouth of the Keep 

River (which was the wettest site we visited), black soils 

were damp but not saturated. At all other locations, they 

were dry and crumbly to a depth of at least 10 cm. 

Evidently, areas near Kununurra town site and the 

mouth of the Keep River had received localised rainfall 

later than other areas we visited. Near Kununurra, it had 

been sufficient to induce and sustain vegetative growth 

and limited flowering by some plants. (We observed 

fruiting plants but no fresh flowers.) However, at other 

sites we visited, the species was either absent or, if it was 

present, soil moisture levels had been too low to break 

dormancy or to sustain growth. It appears that T. sp. 

Kununurra is probably absent from the Keep River site 

(although it is now known from other parts of the Ord 

River's ancestral floodplain within the Northern Territory 

15 



Journal of the Royal Society of Western Australia, 100(1), 2017 

(John Kirby personal communication). It was not possible 

to determine whether it was absent or merely dormant at 

any of the other 'new' sites we searched but our survey 

did show that, in the Ord Stage 2 buffer zone, there is 

relatively little habitat similar to that from which it is 

known. 

Development and population structure 

Observations on the plants that were excavated and on 

plants examined in situ provide an insight into the life 

history of the species, which is comparable, in many 

ways, to that described by Banerji (1947) for Typhonium 
trilobatum Schott from India. Banerji's (1947) account of 

T. trilobatum is the only developmental study of another 

Typhonium species of which we are aware. It should be 

noted here that, in the view of Cusimano et al. (2010), 

who studied genetic evidence of the phytogeny of the 

genus, Australian Typhonium spp. and those from Asia 

belong to different clades and the Australian species may 

warrant generic recognition. Be that as it may, the clades 

are closely related and, in the following discussion the 

similarities and differences in the life-histories of T. sp. 

Kununurra and T. trilobatum are compared. 

Both species are cormous with the primary ('mother') 

corm shedding leaves and roots as it enters a period of 

dry season dormancy. With the onset of the next wet 

season, both species develop replacement corms from the 

apex of the 'mother corm'. New roots grow from the base 

of the newly developing corm. Leaves and (in mature 

plants) reproductive structures grow from the apex of 

the new corm. In T. trilobatum, seed always germinates in 

the season it is formed. We have shown that same-season 

germination occurs in (and may be the normal mode in) 

T. sp. Kununurra. Although loss of seed viability over the 

dry season is suspected it was not demonstrated in T. sp. 

Kununurra. 

In both species (as in other monocotyledons) a portion 

of the cotyledon remains partially enclosed within the 

testa after germination. One would expect a corm to 

develop in the same year that seed germinates so energy 

can be sequestered for survival through the next dry 

season and provide energy for initial vegetative growth 

in the following wet season. We did not observe this in 

the seedlings we found but noted the position at which 

it would develop, at the junction of the plumule and 

radical, had been drawn below the ground surface by a 

contractile root. Contractile roots were also reported for T. 
trilobatum by Banerji (1947). 

In T. sp. Kununurra, plants go through an extended 

juvenile stage during which each growth episode 

produces one to four juvenile leaves from the top of the 

new-season's developing corm. The duration of this stage 

is not known but the presence of two generations of older 

corms in addition to the current season's developing corm 

on immature plants that we excavated; suggest it can be 

protracted, lasting through at least three growth episodes. 

Assuming there is normally one growth episode per 

wet season, the seedling stage can last at least three 

years and possibly considerably longer, particularly if 

abnormally dry years prolong progress to maturity Be 

that as it may, the predominance of immature plants 

in all subpopulations (a situation not recognised by 

many previous observers, e.g. in reports cited by Kirby 

(2015)) indicates a protracted maturation process. 

Moreover, the relative abundance of immature plants 

in all subpopulations we observed suggests a very high 

juvenile mortality rate. 

The preponderance of immature plants in 2013 is 

consistent with our previous experience and photographs 

show a similar but unrecognised situation in previous 

surveys of many subpopulations (e.g. the frontispiece in 

Byrne 2013). However, it has been noted that, in years 

with average to above-average wet-season rainfall, the 

ratio of mature to juvenile plants is higher than in years 

with below-average wet season rainfall (John Kirby, 

personal communication). Although Kirby's observations 

are not quantified, the difference was clear enough to 

suggest that mature plants, with more substantial energy 

reserves in their larger corms, may be able to sustain 

dormancy through low rainfall years whereas immature 

plants may be compelled to break dormancy or die 

because their small corms are incapable of sustaining 

them for more than one year and/or to provide the energy 

required for early vegetative growth after two years. The 

fate of immature plants at sites where the species had 

been noted in previous years, but not by us in 2013, is 

unknown but it can be predicted that mortality was high 

in younger plants with smaller corms and perhaps lower 

in older plants with larger corms. If this is so, increasing 

temperatures associated with climate change may be a 

significant threatening process. 

Once they reach maturity, T. sp. Kununurra can 

reproduce vegetatively by division of the corm to 

produce 'sister' corms and/or by developing secondary 

('daughter') corms from axillary buds on the 'mother' 

corm. This is apparently common in T. trilobatum (Banerji 

1947, Li et al. 2010). Indeed, in that species, Banerji (1947 

p. 208) reports that 'a large number of axillary buds 

develop on the mother corm' and 'In the next season, 

these buds develop into separate plants, while the mother 

corm shrivels and disintegrates'. This would account 

for Banjeri's (1947) observation of 'many (T. trilobatum) 

plants in close association'. In T. sp. Kununurra, 

development of axillary daughter corms was observed; 

in the dry year, 2013, it was infrequent but unquantified 

observations by John Kirby (personal communication) 

in a subsequent year of abundant, early rainfall suggest 

it may be common in Typhonium sp. Kununurra when 

conditions are suitable. The division of a primary corm 

was observed only once in our, admittedly limited, 

excavations of the corms of T. sp. Kununurra. Less 

frequent vegetative reproduction in T. sp. Kununurra 

may explain why the dense aggregations of T. trilobatum 
plants reported by Banjeri (1947) in India and observed in 

north-western Thailand (personal observation), have not 

been observed T. sp. Kununurra. 

CONCLUSION 

In 2013, populations of T. sp. Kununurra were 

overwhelmingly dominated by immature plants. The 

immature stage is protracted and the ratio of mature 

to immature plants suggested high levels of mortality 

during this phase. Consequently climate change may 

become a significant threatening process if temperatures 

were to increase and/or effective rainfall was to decrease 

16 



A N Start: Development of a Typhonium sp. from the east Kimberley 

near Kununurra. Vegetative reproduction is possible, but 

probably slower in T. sp. Kununurra than in T. trilobatum. 
The demographic structure of sub-populations warrants 

considerably more research (particularly in relation 

to rainfall and the prospects of climate change) than 

we were able to accomplish in the short time available 

to us. However, the proportion of immature plants as 

well as prevailing climatic conditions should be taken 

into account in any surveys undertaken to assess the 

conservation status of the species in the future. 
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ABSTRACT 

Understanding the distribution and population dynamics of invasive plant species is fundamental 

to our capacity to appropriately predict and manage plant invasions. The invasion biology of non¬ 

native Solidago canadensis in Estonia was investigated for the first time by assessing its distribution 

patterns and growth dynamics. First, fifty-two peri-urban populations were surveyed, and 

population location, size, adjacent communities, number of shoots as well as shoot height were 

recorded. Then, thirty genets were excavated from previously surveyed populations in order to 

analyze their age and growth traits in the vicinity of Tartu. The majority of S. canadensis populations 

were small, i.e. occupying less than 50 m2, had 1 to 50 plants per population and were located 

predominantly on disturbed roadsides. The surveyed populations were young, with the average 

age of genets estimated to be five years at the time of sampling in 2006. We suggest that S. canadensis 
is well adapted to a wide range of habitats but predominantly occurs in human-disturbed habitats 

adjacent to settlements and roads. We found that Solidago canadensis genet age did not affect 
significantly its growth traits suggesting that growth traits are similar between younger and older 

genets. 

KEYWORDS: Asteraceae, disturbance, invasive species, perennial, rhizome, vegetative growth 

INTRODUCTION 

Plant invasions pose a significant threat to the 

conservation of ecosystems worldwide and have major 

impacts on economics (Simberloff et al., 2013, Pimentel, 

2011). With increasing globalization, plant species are 

currently being introduced to novel ecosystems at an 

unprecedented rate (Eschtruth and Battles, 2009). The 

impacts of human-mediated plant invasions have been 

well documented (Pysek et al., 2012, Gaertner et al., 2009). 

For example, invasive species have been reported to 

directly alter ecosystem functioning and composition and 

indirectly affect nutrient dynamics, disturbance regimes 

and hydrologic cycles (Pimentel et al., 2005, Yelenik and 

D'Antonio, 2013, Mack and D'Antonio, 2003). 

A number of studies indicate that there is a positive 

correlation between human introduction and plant 

invasive success (Donaldson et al., 2014, Gravuer et al., 

2008). Although often careful in their introduction and 

cultivation (Dawson et al., 2008), botanical gardens have 

been recognized to play a central role in the spread of 

invasive plants (Hulme, 2015, Marco et al., 2010). For 

instance, Hulme (2011) found that 19 out of 34 of the 

world's worst invasive species were introduced and 

cultivated by botanical gardens. In Australia, Flax- 

© Royal Society of Western Australia 2017 

leaf Broom (Genista linifolia), a shrub to 3 m high and 

listed as a weed of national significance (WoNS) was 

first cultivated at the Adelaide Botanic Gardens (South 

Australia) in 1858 (Parsons and Cuthbertson, 1992) 

and is now naturalized in Western Australia as well. 

Similarly, Lantana (Lantana camara), also listed as WoNS 

and naturalized in Western Australia, earliest record 

for Australia is from 1941 in the old Botanic Gardens in 

Adelaide (DECC, 2011). Other WoNs are known garden 

escapees, e.g. Boneseed (Chrysanthemoides monilifera subsp. 
monilifera), Water Hyacinth (Eichhornia crassipes) and 

Madeira Vine (Anredera cordifolia), all present in Western 

Australia as well. 

The focus of this study is Solidago canadensis s.l.L. 

(Canada goldenrod) which was introduced to Europe 

from North America as a garden ornamental in the 17th 

century (Weber 1998; Weber 2001) and is now widely 

distributed across Europe, Asia, Australia and New 

Zealand (Weber, 2001, Nolf et al., 2014). In Australia, 

earliest herbarium specimen recorded of Solidago 
canadensis dates back to 1935 (GBIF, 2013 ). Solidago 
canadensis is now naturalized or invasive in Queensland, 

New South Wales, Victoria, Tasmania and Western 

Australia (ALA, 2017). Although not all Atlas of Living 

Australia (ALA) S. canadensis records are accurate as 

some may have been misidentified and are actually S. 
chillens or S. altissima (A. Uesugi pers. observation). 



A 

A - Map showing Estonia and the rest of European Union. 
Inset: the map of the world. Source: Wikipedia 

licence CC BY-SA 3.0. 

B - Current known distribution of Solidago canadensis L. in Estonia. 
Reproduced with permission from Kull & Kukk, 2005. # - indicates 
known locations recorded between 1971-2005 and denotes at least one 
observed plant.^ - indicates location of Tartu. 
The size of one square on the map is 110 km2. 

C - Map showing Tartu town border and 52 S. canadensis sampled 
populations and three locations (north, south and west) where ten plants 
(n=30) were excavated. - population area 101-400 m2, - population 
area 51 -100 m2,(| - population area 1-50 m2, - populations, 
where plants were excavated. - roads. 

Figure 1. Map showing the location of Estonia (A), the locations of known Solidago 
canadensis populations in Estonia (B) and 52 sampled and three excavated populations 

in the vicinity of Tartu, Estonia (C). 
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The first record of S. canadensis in Estonia was from 

1807 when it was cultivated in the Tartu University 

botanical garden (Kangur et al., 2005). As many other 

invasive or naturalized plants in Estonia, the present wild 

populations of S. canadensis in Estonia are most likely 

garden escapees (Kangur et al., 2005) (Fig. lb). Solidago 
canadensis is considered an invasive or naturalised species 

in Estonia (Oopik et al., 2013). 

Solidago canadensis invades a wide range of habitats, 

e.g., semidry grasslands, riparian forests, lowlands, 

mountainous vegetation, abandoned fields, roadsides 

and pastures (Nolf et al., 2014, Dong et al., 2005). In its 

introduced ranges, S. canadensis has been reported to 

promote monocultures due its fast growth rates, prolific 

reproduction as well as strong allelopathic effects on 

native species (Dong et al., 2005). Allelopathy is the 

phytotoxicity of a compound or a group of compounds 

released from plant parts by leaching and root exudation 

to susceptible plants (Inderjit et al., 2006). The negative 

effects of allelopathic plants on co-occurring plants 

include reduction of seed germination and seedling 

growth (Hierro & Callaway, 2003). Overall, the invasion 

biology and environmental impacts of S. canadensis have 

been recently widely documented in its introduced 

ranges in Austria (Nolf et al., 2014), China (Guo et al., 

2016, Tong et al., 2012), Germany (Schittko & Wurst, 

2013), Latvia (Priede, 2008) and Poland (Szymura & 

Szymura, 2016). There are no published records of S. 

canadensis ecological impacts in Australia of which we are 

aware. 

Although S. canadensis is widely recognized as one 

of the most widespread invasive species in Europe, 

there is little knowledge on its distribution and biology 

in Estonia. Until now, no comprehensive reports of its 

population biology in Estonia have been published. The 

objectives of this paper were thus to (i) investigate S. 

canadensis distribution in the vicinity of Tartu, Estonia, 

(ii) assess its vegetative and generative growth and (iii) 

estimate the age of S. canadensis genets in the vicinity 

of Tartu. The results are aimed to fill the gaps in the 

knowledge on the distribution and biology of the invasive 

S. canadensis in Estonia. 

METHODS 

Study species 

Solidago canadensis L. (Asteraceae) is a rhizomatous, 

perennial, erect, herb with yellow flowers that can grow 

up to 2 meters tall (Werner et al., 1980). Solidago canadensis 
can reproduce sexually with obligatory outcrossing 

(Mulligan & Findlay, 1970) and asexually through 

rhizome propagation (Dong et al., 2006, Sun & He, 2010). 

Short-distance dispersal occurs mostly by rhizomes and 

S. canadensis can rapidly become a dominant plant in 

abandoned or disturbed old fields (Dong et al., 2006). 

Long-distance dispersal occurs by seeds, which can be 

disseminated by wind (Priede, 2008). The seeds are small 

and are produced in large numbers (an individual shoot 

can produce up to 10,000 seeds) with a long pappus 

which facilitates wind dispersion (Priede, 2008). Seed 

germination rate has been reported to be up to 80% in 

favorable conditions (Werner, 1979). 

Habitat survey 

Solidago canadensis populations were surveyed and 

mapped using a GPS device between the end of August 

and beginning of October (peak flowering season) in 

2004, in the vicinity of Tartu, Estonia (58.3833° N, 26.7167° 

E) following a modified survey protocol from Holm 

(2004). All populations were visited once and surveyed 

by the same person. We excluded sections of the protocol 

that specifically targeted plant eradication. The surveyed 

populations were confined to the vicinity of south Tartu 

and proximity to the laboratories due to logistic reasons. 

A total of fifty-two discrete sites with S. canadensis plants 

(henceforth populations) was recorded (Fig. lc). For each 

population the following details were visually estimated 

and recorded: 1) population location (e.g., roadside, 

garden, roadside and garden, none of the above/other); 

2) adjacent communities (urban, forest, urban and forest, 

none of the above/other); 3) number of shoots counted 

(1-50; 51-100; 101-150; 151-200; > 200) in population; 4) 

population area (m2) visually estimated (< 50; 51-100; 

101-400); 5) average height of plants (m) measured with a 

tape (< 1; 1-1.5; 1.5-2). 

Clonal growth 

In August of 2006, three random medium sized 

populations (i.e. 51-100 m2) from north, west and south 

of Tartu from the 52 previously surveyed populations 

were selected. From each population, ten genets were 

physically excavated and transported to the laboratory 

where their rhizomes were cleaned of soil residue. 

A genet is defined as a group of genetically identical 

individuals produced asexually in plants from a single 

ancestor. Only these genets were chosen for excavation 

for which we were able to excavate all rhizomes to avoid 

losing rhizome connections (e.g. rotted rhizomes) in 

older individuals which would lead to underestimation 

of the genet age. For each genet, we measured its radius 

and calculated its circumference (mm) using formula 

2 x Radius x 7i. We estimated its age by counting the 

annual rhizome increments. Solidago canadensis has a 

sympodial rhizome growth and in Estonia its shoots 

are annual. Thus, each sequential sympodial unit (see 

Bell & Tomlinson, 1980) of its rhizome (each rhizome 

branch) denotes one year of growth. Then we counted 

the number of all living shoots in each genet and the total 

number of inflorescences per individual shoot. Mean 

number of inflorescences/genet was used for the analyses. 

We counted the number of ramets (i.e. an independent 

member of a genet). We also measured the length (mm) 

of each shoot and length of its adjacent rhizome branch 

as well as the length of older rhizome branches (thus 

obtaining the annual clonal mobility of a genet, see Tamm 

et al. 2001; Sammul et al. 2004). 

ANALYSIS 

Distribution data were analyzed using chi-square 

goodness of fit test. We tested whether the location 

and population area affected the number of plants in a 

population and whether location affected population 

area. Clonal growth data were analyzed using one-way 

ANOVA and linear mixed model with genet age as a 

fixed factor and population was a random factor. Data 

were visually inspected for homogeneity and normality 
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assumptions of ANOVA. Residuals were inspected 

visually to check model assumptions. Data was Ln 

transformed when it did not meet these assumptions. 

Using linear mixed effects models we assessed in 

separate models whether genet age affected genet 

size (i.e. circumference), annual increment, number of 

shoots, height of shoots and number of inflorescences. 

Distribution data were analysed in SPSS v. 21 (SPSS IBM, 

USA). Clonal growth data were analysed and all figures 

were plotted in R programming language (version 3.2.2) 

(R Core Team, 2015). 

RESULTS 

Distribution 

31 out of 52 Solidago canadensis populations in the vicinity 

of Tartu covered an area of less than 50 m2 and only 

three populations had an area of greater than 100m2 (Fig. 

2a). 33 out of 52 populations had up to 50 individual 

shoots recorded per population (Fig. 2b). Majority of 

the plants surveyed were 1-1.5 m tall (Fig. 2c). The 

number of shoots in a population was similar across 

different population locations (%2 = 10.96, d.f. = 12, P = 

0.53), and population area was not affected by location 

(%2 = 10.93, d.f. = 6, P = 0.09). The number of plants was 

positively related to population area (jl = 60.03, d.f. = 8, 

P < 0.001). 35 out of 52 populations were found growing 

along roadsides (Fig. 2d) and adjacent communities to 

S. canadensis populations included both urban areas and 

forest sites (Fig. 2e). 

Clonal growth 

The mean age of thirty excavated genets was 5.4 (± 0.3) 

years with mean circumference of 623.7 mm (± 37.1) (Fig. 

3a). The number of ramets was similar for younger and 

older genets (Fig. 3b). Mean annual increment of a rhizome 

for all plants was 36.7 mm (± 2.0) (Fig. 3c). Mean number 

of shoots per genet was 11.2 (± 0.9) (Fig. 3d) with mean 

height of 1027 mm (± 31) (Fig. 3e) and mean number of 

inflorescences per shoot was 27.7 (± 1.5) (Fig. 3f). Overall, 

we found no effect of genet age on size (i.e. circumference), 

number of shoots and ramets, height of shoots, number of 

inflorescences and annual increment of a rhizome (Table 

1). There were no significant differences between the 

three populations in the growth traits with an exception 

of annual increment of a rhizome, which was marginally 

different between populations (F 227 = 2.63, P = 0.09). 

Population area m2 Number of plants per population Plant height (m) 

Location of populations 

o 

Forest 

Adjacent communities 

Figure 2. Distribution survey results 

showing Solidago canadensis population 
area m2 (A), number of plants per 

population (B), plant height (m) (C), 

location of populations (D), adjacent 

communities (E) in the vicinity of Tartu, 

Estonia. 
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Figure 3. Histogram showing mean (± S.E.) genet size (mm) (A), number of ramets (B), annual rhizome increment (mm) (C), number of shoots (D), mean height of shoots (E) 
and the number of inflorescences (F) for 3 (n=2), 4 (n=7), 5 (n=6), 6 (n=8), 7 (n=5) and 8 (n=2) year old genets for thirty Solidago canadensis plants excavated in the vicinity of 
Tartu, Estonia. 
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Table 1 
Summary of the linear mixed effects models showing the 

effect of genet age on Solidago canadensis clonal growth 

traits based on thirty excavated genets from the vicinity 

of Tartu, Estonia. 

Parameter Estimate S.E. t-value P-value 

Factor: Age 

Response variable 

Circumference (mm) 12.93 27.69 0.47 0.35 

Annual increment (mm) 0.59 1.504 0.39 0.36 

Number of shoots -0.06 0.06 -1.13 0.21 

Number of ramets -0.06 0.08 -0.83 0.27 

Height of shoots -19.72 22.48 -0.87 0.26 

Number of inflorescences 1.36 1.12 1.22 0.18 

DISCUSSION 

We found that S. canadensis occurred predominantly on 

roadsides and adjacent to urban areas (gardens) from 

where it plausibly could have escaped (Oopik et al., 

2008). This is in accordance with previous evidence on 

S. canadensis distribution patterns in non-native ranges 

in Europe (Kabuce & Priede, 2010, Priede, 2008) and 

in China (Guo et al., 2016). It is well established that 

invasive plants often colonize sites with high levels of 

disturbance, particularly roadsides that also serve as 

vectors of spread (Mortensen et al., 2009, Rentch et al., 

2005). Disturbance increases resource availability such 

as light and soil nutrients (Lake & Leishman, 2004). 

Roadsides are often rich in nutrients such as phosphorus 

due to run off waters (Leishman, 1990) and some authors 

have found a positive correlation between increased 

levels of phosphorus and average vegetative mobility 

and rhizome branching of clonal plants (Sammul et al., 

2003). This explains why clonal, invasive species like S. 

canadensis may thrive on disturbed sites such as nutrient 

rich roadsides. Studies in Australia have found similar 

results for invasive species that thrive in high nutrient 

soils, e.g. English Broom (Cytisus scoparius) in the Mt 

Lofty Ranges (Adelaide) (Fogarty & Facelli, 1999). A 

study conducted across twenty-four sites in northern 

Sydney across urban bushland and national parks found 

that the increase of many soil nutrients, rather than 

phosphorus alone, contributed to the invasion of exotics 

into the urban bushland (King & Buckney, 2002). In 

Western Australia, Hobbs & Atkins (1988) showed that 

invasives had increased growth in sites that experienced 

both, disturbance and fertilization, suggesting that 

introduced species respond to a combination of nutrient 

addition and soil disturbance in the Western Australian 

wheatbelt. 

The number of S. canadensis plants was significantly 

affected by the population area. The majority of S. 

canadensis populations occupied on area of less than fifty 

square meters with up to fifty plants per population, 

which suggests that at the time of field census, i.e. in 

2004, these populations were relatively young. This 

is further supported by our findings that the average 

age of genets from investigated populations was five 

years as estimated in 2006, which implies that these 

surveyed populations are likely to have started to expand 

around 2001 in the vicinity of Tartu, at least in the three 

populations we studied. The rhizome increment values 

(i.e. 36.7 mm) were comparable to previous findings from 

early successional S. canadensis plants in Canada (i.e. 

rhizome increment values between 21-40 mm, Bradbury 

& Hofstra 1976). 

Solidago canadensis is considered an exceptionally 

successful invader worldwide largely due to its prolific 

vegetative and generative growth that makes it a 

superior competitor over native species (Weber, 2001, 

Fenesi et al., 2015). This is particularly the case in open, 

low growing vegetation such as is found in many 

parts of Estonia. A study in China emphasized the 

importance of establishment opportunities as there was 

limited invasion of the species in the surrounds of the 

focal point of infection from Lushan Botanical Garden 

isolated on a mountain within dense forest, while there 

was extensive invasion from Wuhan Botanical Garden 

in a more open alluvial landscape (Guo et al. 2016). In 

Australia, S. canadensis has been recorded as far north 

as Roebourne, Western Australia's Pilbara region and in 

southern parts of Tasmania, suggesting that this species 

can occupy a broad ecological niche with diverse climates 

(ALA, 2017). Solidago canadenis is comparable to some 

introduced species in Australia that reproduce both by 

seed and vegetatively from rhizomes, e.g. Asparagus 

Fern (Asparagus aethiopicus), although S. canadensis is 

not as prolific. Although sporadically present across 

almost all states and territories in Australia, S. canadensis 
has nevertheless not become as abundant as in Central 

Europe possibly due to naturally low soil nutrient levels 

in Australian, and especially Western Australian soils as it 

spreads predominantly along roadsides and waste places 

that are rich in nutrient runoff. 

In conclusion, our results support findings from earlier 

studies that showed S. canadensis occurs predominantly 

along disturbed roadsides. A more comprehensive 

across-Estonia survey and mapping of this species' 

distribution may be needed in the future to accurately 

assess its potential current and future impacts on 

natural ecosystems in Estonia. Our study paves the 

way for future research about the population biology 

of S. canadensis in Estonia and contributes to improved 

understanding of this species' biology in its introduced 

ranges. 
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